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(54) HYDROGEN STORAGE ALLOY AND SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the flatness characteristic of equilibrium pressure at 
the occlusion and release of hydrogen and also to reduce pressure difference by providing a 
specific composition consisting of Mg, La, two or more kinds among rare earth elements 
including Y, Ni, Co, and one or more elements selected from among Mn and other twelve 
elements. 

SOLUTION: The hydrogen storage alloy has a composition represented by general formula Mg 
(Lal-bRlb)l-aNiXCoYMIZ [where R1 means two or more elements selected from rare earth 
elements including Y and Ce content based on the total content of R1 and La is regulated to 
<20 wt.%; Ml means one or more elements selected from Mn, Fe, V, Cr. Nb, Al, Ga, Zn, Sn, Cu. 
Si. P. and B; and 0.15<a<0.35, 0.55<b<0.95. 0<Y<1.5. 0<Z<0.2 and 2.9<X+Y+Z<3.5 are satisfied]. 
Because the secondary battery having a cathode containing this alloy can maintain high working 
voltage over a long period at electric discharge, discharge capacitance and charge-and- 
discharge cycle life can be improved. 
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1 ] Tfe-«9^ ( 1 ) 'cmsti^fm.'kmr 

Mg. (Lai.fcRU) ,..N ixCorMlz •••(1) 
tctc L . R 1 itY^^t5m±my€mfJ^ ^mitti^^ptj: < 
i 2«3S©7C^-C. Jj^ofiiiBR 1 ilogBL a©^fi{C 

n. Fe, V. Cr, Nb. Al. Ga. Zn. Sn. 

cu. Si. Psc>'B35ie>a«n*ii»a:< las© 

TClg. M^tba. b« X. YRO'Z«^n-enO. 15 
<a<0. 35. 0. 55 ^b^0. 95. O^Y^ 
1. 5. O^Z^O. 2. 2. 9<X + Y+Z<3. 5 

[ifjRi(2 ] iESi, Tia-Aa^ ( 1 ) r^snsffl 

Mg. (La,..RU) ,,.N ixCoyMl^ •■(1) 
tctcL. R H*Y>&^tf#±«S^*^6jM«n^ii>^j:< 
i 4) 2«®<D7t:^r. diOHMieR 1 iMIBL a©^fiCC 

M-r s c e ^ws7!)S 2 0 mm%^m'csb o . m i «m 

n. Fe. V, Cr, Nb, Al, Ga, Zn. Sn, 

Cu. Si. pisi.v=B-f)^ibmitti^'prj:<, thimmo) 

Ttm. !M.^tba. b. X. YR^Zit^i^^tlO. 15 
<a<0. 35. 0. 55^b^0. 95. OgY^ 
1. 5. O^Z^O. 2. 2. 9<X + Y+Z<3. 5 

[ i»*Ji 3 } Tta-fls^ ( 2 ) -c^ 5 n ^ffifiS^wr 

Mg.R2,.,..TUN i..x-,A l,M2v ••• (2) 
tctcL. R 2«Y5:^!ty«-±»7C#gA>6jS«nS^i>^C < 

i 1 a»©7c^-c. L a ^mmifi 5 5 

■C*0. Tl«Ca. Ti. Zr. Hf. Li, Na. 
K. Rb. Gs. S rRt>'Ba*:'6il«n5iJ>^C< i4> 
imm(D7iM. M2«Co. Mn, Fe. Ga. Zn. 
Sn. Cu. Si. B. Nb. W. Mo. V. Cr. T 
a. PSU^S3!)^e.jS«n^^^^c ia»©7C^. M 

^tba. b. X. YRO'Ztt^ti^nO. l^a<0. 
3. O^b^O. 3. 0. 2<X<0. 7. 0. 1 ^Y 
^3. 0. 3. 25^Z^4. 5iUrtt^3n?), 
[ff*^4] iESi, TgB-«5;^ (2) -C^5n€>ffl 

Mg.R2,-.-.T UN iz.,-rA lxM2, ••• (2) 
tctcL. R 2 liY5:^tf#±ffl7cS*i6jM«n€.^^c < 

t i> 1 «»©s^r. A^o L a ^mmifi 5 5 mM%^m 

-CSbK). Tl«Ca. Ti. Zr. Hf. Li, Na. 

K, Rb. Cs. S rS:!>'Ba75iP>jM«n-5>;i>i&< ifc 
ia!S©7C*. M2«Co. Mn, Fe, Ga. Zn. 
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Sn. Cu. Si. B. Nb. W. Mo, V. Cr, T 

a. PRvfsfphmiin^{}>rji<i fhifmoyTtm. m 

^iba. b. X. YRO'Z«^n^no. l^a<0. 
3. O^b^O. 3. 0. 2<X<0. 7. 0. l^Y 
^3. 0. 3. 25^Z^4. 5 iU-C«5e3n-S. 

Cii*^5 ] Tia-iKK (3 ) -c«$n4fflfi£*w 

m<D 0 . 5-^2 i^V&^mW)^ 7 0 %Jii±?f SET S C <b 

10 Mg.R3,-...T2.N i,.«M3, -(3) 

tctcb. R3»Y*^tf#±^^3^*^e>jl5Sn€.^^c< 
t4> 1«^©7CS-C. T2«Ca. Ti. Z rS:i>'H f 
*i6a«n€.ii>>5:< i'b llBi©7c3S. M3«Co, M 
n, Fe. Al, Ga, Zn. Sn. Cu. Si, B. 
Nb, W. Mo. V. Cr. Ta. Li, PRJ>*S*^6 

mittii>{}^tj:< tiiimmcD^m, i^^-iba. b. xs 
t>'Z{*-€-n-eno. 2^a^o. 35. o^b^o. 

3. 0<X^2. 0. 3^Z^3. SiL-cmSSn 

■So 

20 im^G] iE^si. TiB-aasc (3) -easnsffl 

^«rWlx. *^o»riB«:*JC>-C#{4a^S/cf9©Mg?ajS 

i}Wi^m<D 0 . 5 ~ 2 fg-C^^Ml^A^ 7 0 %«±^i5E-r 
■&7K^eRig-a-^5:StJm@<!:. lif2iE®iBiriaft@©Pfl 

cc/r$^ 3 n/c-fe u - ^ <!; . T ji/ * y t^m^i> 

Mg.R3,-.-.T2.N i..,M3» -(3) 
fc/cU. R3«Y*^ty#±»7cSAie>3S«n-5^^c< 
l«S©7nm-C. T2«Ca. Ti. ZrSO^Hf 
*^6a«nS^i>^i:< t4> iaffl©7C3S. M3WC0. M 
30 n, Fe, Al. Ga, Zn. Sn. Cu. Si, B, 
Nb. W, Mo, V. Cr, Ta, Li. PrnJ^Sifih 
mUti^<ptj:< ti>\^<07m. H^^tba. b. XS 

t>'z»^n-eno. 2^a^o. 35. o^b^o. 
3. o<x^2. 0. 3^z^3. sior^jesn 
^. 

CO 0 0 1 ] 

40 [0002] 

^Ji'4^'"?i[§iL.r©7k«*ifia-ctt-5^T*>f3. ifL 
t,»S. «l«Bi4l5ri4tL-C©*lg!Ria^^©tEffl55-5f«. 

-©^^. **©^>iii • nm. a^mm^woy^m. A<.m 
•9-/j:t'©)z:ffiffl{CM-3riiiS3nrt.iS, i«j*>tt. ^ 
so nr*iO. i«^ffi^b. S^#^b«:SJMb/cff5S- ga^Ai 
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[0 00 3] <bc5r. A^mmm^ tux it A Bsm 

-5, */c. ^±m-:^yirj[.3^^^mmit^<^it. AB, 
mklf^iCh^WLW&t^o Mat. Res. Bui 
1. . 11. (1976) 1241 «:». #±S7ClR* 
AB, ^J:f3«>^fi(c$tf^lir^{[:^f5*5AB, mj^<0 

Fd'Cl*. J. Less -Common Metals. 

7 3, ( 1 9 8 0) 3 3 9(CL at., Mgx N i J 

gt-r S -5 P»1li.sS *5 . 

[0 004 3 —is. #±ffi-M g - N i J^TKS^iiM^^ 
CC*Jt>-CMg'&jiS$*« *iO#i^RS^cti<DCe^W 

[0 00 5] his^htatfih. c(oj^')t£T\(.mm^ 

Ci-C:^#<^cO. 7l<^;'7X(DST'jgffli urfflCi-CTK*^ 
{gi iff;'? cc -> r (, » S i (, > ^ S , 

[0 0 0 6 ] 

[^BJ*5jgifeLJ:^i-r^aigi] *^H^«. 

[ 0 0 0 7 ] ifc. 3js#6B^«« **gSS5 • &tti3lS*S[Sl 

[0 0 0 8 ] $ ^1s:^B^»« fi5:mgSRJ>'-9-'< 
■5, 

[0009] *3R!Rlt^^*iT;U* 'J 

[0010] *isiRjS^*ir Ji/* ^)mmm 

[0011] 
[0012] 

Mg. (Lai.sR U) ,..N i ,C OvMlz ••• ( 1) 
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t 4j 2 «^©^c«-C , *^OHuie R 1 i Buta L a ©^«{C 

^t^-sc e^w**ii2 oaa%*iSr«>») . m i «m 

n. Fe. V. Cr. Nb. Al. Ga, Zn, Sn, 
Cu. Si. PRO'B3!»^6jlSfn-S^i>^C< i^) l^^O 
Tclg. M^tba. X> YROfZ«^n^nO. 15 
<a<0. 35. 0. 55^b^0. 95. O^Y^ 
1. 5. O^Z^O. 2. 2. 9<X + Y+Z<3. 5 

[0013] 3|i:|6?^K:j;n«. iE@t. TiB-JiJSC 
10 ( 1 ) -c^^nstti^K^W-r^Tk^^iSS^ife^^tfa® 

[0014] 

Mg. (La,.,R IJ a-.N ixCoyMli -(1) 
fc/cU. R U*Y^^tf#±ffi7C«A^63M«n^^^c< 
1 4> 2 aScDTC^-C . 3!»>OHuie R 1 L Huie L a (D^WiC 
nthc& ^WS*5 2 0 «S%*j^§-C* 0 . M 1 «M 
n. Fe. V. Cr. Nb. Al, Ga, Zn, Sn, 
20 Cu. Si. PRCKB*>e.jS«nS^i>^c< 1^© 
7C^. Jl^^tba. b. X. YRCXZfi-e^a-enO. 15 
<a<0. 3 5, 0. 5 5 ^b^0. 95. O^Yg 
1. 5. O^Z^O. 2. 2. 9<X + Y+Z<3. 5 

[0015] 2Js:«IBK: Jcnti. TIB— ( 2 ) r^S 
n 6 $IJ?S«: WT set «:i|#S5[i T 5*3Si!Riij^*itl« 

[0016] 

Mg.R2.....TUN iz-.-rA lxM2y •• (2) 
30 fc/dL. R2»Y?r^t?#±ffl7C^j!)^6jS«nS^l>^c< 
i 4> 1 tt!W©7C«r . Ji^o L a SWa*^ 5 5 
■C*«3. TlttCa. Ti. Zr. Hf. Li. Na. 
K. Rb. Cs. S rR!>*Ba*>e)®tfn-Si!>ife< <b4> 
IfltSOTC*. M2WCO. Mn. Fe. Ga, Zn, 
Sn. Cu. Si. B. Nb. W. Mo. V. Cr, T 

a. p&ofs*^6®«n-5ii>itc< tfe i«acD7C3g. m. 

^iba. b. X. Yscj^zti-en-eno. l^a<0. 

3. O^b^O. 3. 0. 2<X<0. 7. 0. l^Y 
^3. 0. 3. 25^Z^4. 5 it/raSSnS. 
40 [0017] :*:»i?^{cj:n{f. iESit. Tia-fia^ 

(2) -c^3n5ffiiS^w-rs*^!Rjg^^*^t?as 
i. B^)iaIE@<^:H^^lefi®(Dra^c/^^snfc•te^^•^-^ 

[0018] 

Mg.R2._._i,T UN i z-,-r A lxM2r - (2) 
fc/c U. R 2 » Y?:^tf#±ffl7c«7i^ ^jStStx^^Ji < 
i 1 flifflOTcSlr. L a ^WSJii 5 5 SS%*« 
-C*0. Tl»Ca, Ti. Zr, Hf, Li, Na, 
50 K. Rb. Cs. S rRy^'B a *i63S«n-S ii>^c< <b4> 



imm<07um, M2»Co. Mn. Fe. Ga. Zn. 
Sn. Cu. Si, B. Nb. W, Mo. V. Cr. T 

a. pRv^s^^(bmiiti^'prj:< ■thimm<Dym. m 

T-ika. b. X, YRi>'Z»^ti-eno. l^a<0. 
3. O^b^O. 3> 0. 2<X<0. 7. 0. l^Y 

^3. 0. 3. 25gzg4. siorM^sn^, 

[0019] :*|%Hg(c TIB-M^ < 3 ) "C^S 

8 mmi)^w-im<Do . 5 ~ 2 i^'C3bi>mmifi i o %«± 

[0 02 0 ] 

Mg.R3i-..kT2^N iz.,M3, •••<3) 
fc/i: U. R 3 » Y*^tf#±S7clg*i 6S!«n-5^i>^C < 
<i:4> 1«S<D3C3^-C, T2«Ca. Ti. Zrl^V^Ht 
iphmittl^'J>rj:< ti>l^<DyxM, M3»Co. M 
n, Fe. Al. Ga, Zn. Sn, Cu. Si. B. 
Nb. W. Mo. V. Cr. Ta. Li. PSO'Sj&>6 

jg«n€.^^d: < 1 4> 1 mmoTtm. m^tt a > b . xa 

o'z«^n^no. 2^a^o. 35. O^b^O. 

3> 0<X^2. 0. 3^Z^3. 8iU-C*I^§n 
[0 02 1 ] 3^^%B«(Cj;n«. iESi, TtH-MS: 

[0022] 

Mg.R3,..-,T2,N i j.,M3x -(3) 
tcfc R 3 « Y*^0#±ffl7C5g3!)> P.jl«n^^l^^c < 
l«S©7C^t?. T2«Ca. Ti. ZrSO'Hf 
i)^ibmittii>'pfj:< ti>im^<D7m. M3«Co. M 
n, Fe, AI, Ga, Zn, Sn. Cu, Si, B, 
Nb. W. Mo. V. Cr. Ta, Li. PRO'S*><E> 

mitti^{i>fj:< imm<D7m. m^tta. b. x& 

ZfZlit^tl^tlO. 2^a^0. 35. O^b^O. 
3. 0<X^2. 0« 3^Z^3. StOXmMStl 
■5. 

[0 02 3] 

[0 02 4] (mi<D7Hmmm-^±) c©7k^®jg{^# 
Tis-M^ ( 1 ) ra^tisifijs^w-r*, 

[0 02 5] 

Mg. <Lai.„R U) 1..N ixCoyMlz -(1) 
tctcL, R l«Y4:$tf#±S7C^*>6jS«n^ii>^c< 
i 2mm<07cm-C. *p>r>m^R l ifriBL aO^tc 
M-r S C e $Wfi:*5 2 0 tta%*?^|-C* 0 , M 1 WM 
n, Fe. V, Cr, Nb. Al, Ga. Zn, Sn. 
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Cu. Si, PR:^B^^hmictti^'j>tj:< thimm<D 

TtM. M^^Jta. b. X> YSLO*Z«^n^nO . 15 
<a<0. 35, 0. 5 5 ^b^0. 95, O^Y^ 
1. 5. O^Z^O. 2. 2. 9<X + Y+Z<3. 5 

[0026] m9EmHrtt&ifimmwm=&9^tii,6 . 

S?^bl»ffiH«. 0. 2^a^0. 3r*-5o 
[ 0 0 2 7 ] R 1 3«fflJit±©#±!S7C^*^6t»fiS 
10 Stl-SC Ll^. R 1 <bL.T«. m«. 

*5-Clr^. RliUrti. Pr, Nd. SinS.t>'Y*>6 

li. S/c, RU*. R 1 i LaOD^accM-r^SC e^W 
«7:>^2 0M«%*jiS-CAS*\ ^/c«Ce^$*^cl^4> 
©rASo R 1 iLa©-^»K:*f-r-5Ce^Wa*2 0 
M%«±K:^ ^ i . C a C u , SM^B«j§* Wf -S+a 

i!I«fCii;^iSnA^*S„ Ce$Wfi». 1 5«fi%JW 
20 T(c-r-2)CiA5J;0»S l/l^o 

[002 8] R 1 OJ^^^tkb *Sflrta®H(C-r-SC itcj: 

Ir^o M^b^&O. 5 5*j®fC-r^t. 7K^*s^S(c 

?iR«!iatti«c*5tt-5Mg©^S(ajii*iflni/. fflss 

30 <D$iW^L/<B«l(C/cC^Sn*s&S. Mmb©J:»J 
Jf^L't^ffiHtt, 0. S^b^O. S-Ch^o 
[0 0 2 9] 7K^®M^^ct3CCC o^r^Wa-tiSCiCC 

Ci*5-C^^„ Jf.TibY^M. 5?:®;^^t, eRj^SAJ 
«L<i)Sii>t-S, ;i^-J:bY<DJ:OWSbt,^ffiH». 0. 
5^Y^ 1. or&So 

[0030] *«!Ria^ctitC7n3gM 1 C 

TE^MliUrSi. Mn. A I, Si, CrRO'Fe* 
fflt,^S©*!J:«3jff3;Ot,», tcIRM l©JS^i:bY3!>iO. 2 

J;DWS L/C^ffiH»0. Ol^Y^l. 5-C*0. MtC 
W*L/(,^ffiH{*0. 0 5^Y^1. O-C^-5. 
[0 0 3 1 ] M^^ibX. YRO'Z©^M-€:Bfr§BISffl(cM 

50 X. YSC>'Z©^ttffl*2. 9JilT«C-r2.i. ^^rt© 



JSn*i*-5„ ^tf-fii©<i:«5?^$ Lt»ffiH«. 3. 0<X 
+ Y + ZO. 4r&s. 

[00 3 2 ] i/c. *^?BCC«^S0 1 CDtK^®^)^^^ 10 
[0 03 3] C<D7k^®Ji^«. m?Ht. fe(T<D 

(1) (3) (cuiBj-rs:??ft{cj:o-cf'p«$n-5). 
[0034] ( 1 ) ^Ttm'kw&b. m^itr)i'^'>ij' 

[0 03 5] (2 ) #?t^?r#SL. T;U3>*fX(DJ: 20 

•r ^ c i J: 0 B>rfa^#?:f'P«{-r -So 

[0 03 6 ] (3) RN i s^, R,N RN i 

[0 03 7 ] :^§micgh^m i (D^^asa^^i*. 

J&^^^^SK J; 0 ^^41© A B , ta-^ A B , iB^O^^M 

Li,mmit. 7 5 0 "c~ 1 0 5 0 'cv$>^o w.ic0$. L 
c^ffiHw. 8 0 0-1 00 o'ct?*?.. mimtj:m 

75>s. g^tL-TO. 1~5 0 0B$Fb1. Sf$L.<«0. 5 
-lOOB^fa. 3 6K;Jf$L/<«l~2 0KJffljJl^(,i. 

[003 8 ] (m2(07iimmm^^) c©*igi»®^^ 4o 
«. Tia-fl^ (2) -cs^nsififiS^wr-s. 

[0 0 3 9 ] 

Mg.R2.....T UN iz-x-yA l,M2y - (2) 

i 1 1 mm<D7cmT. t^-o l a ^wa*^ 5 5 mm%7km 

Tl«Ca. Ti, Zr. Hf. Li, Na. 
K. Rb. Cs. S r SOB a*^e.jMlin •5ii>^C< <i:4> 
l«a©7n^. M2WCO, Mn. Fe. Ga, Zn. 
Sn. Cu. Si, B, Nb. W, Mo, V, Cr, T 

a. psc^s*^6ja«n-2>^^c< <t*> laaoTc^. M so 
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^iha. b. X. YSi>'Z«^tl-enO. l^a<0. 
3. O^b^O. 3. 0. 2<X<0. 7. 0. 1 

^3. 0. 3. 25^Z^4. 5 th'CmM^tl?>o 
[ 0 0 4 0 ] M g (DM^it a f}mimm^9\-tl^ t . 7K 

OC^ffiHW. 0. 15ga^0. 2 8V^i>. 
[004 1 ] R 2 <!: Uri*. *3RSiji{^^mS©fi3 :^ 
Ht^^m.-r?yt, La. Ce. Pr. NdSO'Y*>6 

ja«n^iJ>Aj: < 1 4> 1 a©7c#*^ffl-r ^ c ij^^s? s l 

*1^ffl-r S C i *i J: 0 jJfS Lt,>, 
[0 042] A 1 ©M^ibX^MaiLfcffifflfCLfc^tC 
R2*®L a^W«7)^5 5SS%*IS^€>i. ^#©7k 

^c<Aj:^. La^Wfi». 5 OfiSJ^WTCC-r'SCi*^ 
J:OW*LC^o —7^. La^WSAU. OfiS%J;0 4> 

< ^ i . m.mm(D^mE.^m < o a? ^ /c«> > 
<ii«. 1. omm%icr^ci:^m^i'i.\ 

[0043] R2W. Ce ^Wa*^'2 0afi%*y^§ ( 0 

*B(raib/!:«5H{CLfclStcC e$WS*^2 os«%*a 

^-Si, ABsMIS^«J3i*W-r^+B3&5^<)^i-2>Sn*5 

[0 044] 7km©M^^(C|^J!iB|:&)te-ri©^{CmftE^ 

*^!-Cfr-5. TltL/rtt. Ti. Zr. Li. Sr. B 

a^fflC^SCi*^?!?* LC^. */c. Tl©M^l:bb*5 

0. 3=&m^?>t. m!i!musii)^i^mic^Tr^fc!f>. 
-^(D^mtfi^m u . * fczi;^ii?ife©iteiiSfi*s(gT-r 

M^^J:bb©J:0Jff3SH,»ffiH«. 0. 05^b^ 

0. 2r$>^. 

[0045] A 1 ©M^-ltX3&5mrl2ffiH?:J1-n€> i . 

^!»j8s^^©*^i»ii8 • mmm&mvficTJ^tf'jmmm. 

icrj:^, m.^ttX<DJ:<OH^L\,mmit. 0. 2 5^X 
^0. 6r*€., 

[0046 ] ymm-m-^^ic^muz^^^^Mict 

tcj; ot . -^©TK^Kig • )5t!(tHafi©J; "5 ^C7Ks^5Rjl 
• )KtH#14*(fiI±-r -5 C i *5-C ^ i JtCC. r ;xs?tfe© 

^ (CTk^CRiS • )5ftltl!|#ttJ!ii3Sc« 3 n S ©« . TU^M 2 (C 
J; 0 ^i^«c«AO/'c7K«©at5(-?>7j<^iij»^^©®Sl 



(5) 

9 

tli>o MZiCTW. Co. Mn. Fe. Ga. Cu, 

Si. c r ^m^>?>ct^m^n,\ 7vmM2<Dmj-it 

M-?^l:bY®J:«5WUUl»igi8WO. 05^Y^1. 
Or*«3. M«:j(f$L/l»ffiH»0. l^Y^O. 

[0047] n^tbz *iB^Iie®ffl*^^n■5 1 . ^i^s^u 

HJi, 3. 3^Z^4. 0-C$>i,, 

[0048] $fc. ^mMic^^m2<D7kmmm^^ 
», :^m^ti^rc. N. o. F^©7c*^!^tt^i5i$ 

[0 049] C<D*^®]i^^W. BuizeL/iil^ 1 (DtHM 

[005 0] :$^BJ(c{iS^2 20 
* b < «^14#H^Ttc*$t,^T 3 0 0 -CS^Xt. 1 2 

0 0 °c^m(DU&vmMmt^m$tix(.>^c tmi-t l 
±-r 5 c i 3&sf ^ s i rtcc . -Amm(D^mnm^R 

AaaiagfAi 1 2 0 0 "C5:M^-2> i . ^^O^fflTj^^MU 
^J8iaS)g©i;«3*f$LC^ffiHW, 4 0 0"C~1 0 30 

OB^Iffl. «F*L<«1 0~8 0 0I^H> $6{cSfiL< 

»5 0~6 0 0B#r5*^m»<. 

[005 1 ] (03(D7K*^^^) C©ll3©7Kl^ffii 

sa^^tt. TsB-iKsc (3) -casnsMRS'&WL/. *^ 
o%«±r*s, 

[005 2] 40 

Mg.R3x-.-.T2.N i^.>M3« "(3) 
/c/cU. R3WY?:^tf#±ffl7C^*^63M«n^^^C< 
i^) iaS(D7C5gr. T2ttCa. Ti. ZrSO'Hf 
*»P.®«ti-5^!>^i:< ifc li^©7C^. M3«Co. M 
n, Fe. Al. Ga. Zn. Sn. Cu. Si, B. 
Nb. W, Mo, V. Cr. Ta, Li, PRO*S*^6 

o'z«^g-n^no. 2ga^o. 35. O^b^O. 
3. 0<X^2. 0. 3^Z^3. 8<bLrja^3n 

€>. 50 
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[ 0 0 5 3 ] M g ©J^.^ib a iimtmm^^H^ t > * 
SS!»ja-^#©*^fi(Hi!KFttSC;f1^- .'M#tt*s{ST L . 

msflk^mm-r s c i iimmictj: ?> . M^^J:b a © j: 0 ^ 

UC^ffiHW. 0. 2 5^a^0. 3 2r*S. 

[0054] R3t b-c«. *i^i8«^m@©ia3;^ 

h^b?r#lSt-St. La. Ce. Pr, NdRO'Y*^6 
jM«n^:i>J5:< 1«©7C^€:^T^C<!:*5»*U 

iUr», mtf. C e*S'; f^-iiMm. La*sU-:»5^ 
[0055] R3«. Ce ^W«*52 0«a%5fc?^ ( 0 

0^-r< i&S/c«6. »rffi{C*jWSMg?gJS*ijti$IJ3nfc 

[0 0 5 6 ] 7C^T2?:$W5-a-5Ci{Cj;-,r. tK^ 
!^^^©7KSeR«fi?:#U < i^^^3-ti6 C i Aj: < tK^ 

IS • )S»mcc(N^'5^©gii*»{b=&w*ij-r?.c i*i-c#s, 

T2©M-?-l:bb*iO. 3^m^?>i:. mmutcJ: 'ftsn 

Jt b *VJN 3 1 - ;?:Syfe©-9- -r ^hif^ass < JQ: -5 ffl 

b©±|5gfii«. 0. 2{C-r-5C<t*i«!fiLl^<, 
[0 05 7 ] 7kS®ji^{C7C^M 3 S C i 

tc J: ^ r . ^©*^®)g • )S5caijSa©J: -5 rj:ykmmm 

J: "3 ^F«i{c«AL/c*^©S£«5(^*^iS{^©!»iil 

tli,o 7C^M3 <bLr«> Co, Mn. Fe, Al, G 
a. Cu. Si. Cr. L i *fflt,i^Ci3&sj:«3 L 
(.K TcMM 3 <om=FitXiii 2. O^rM^Si. ~;XS?lb 
©®(m^«*i®T-r6„ ll^^tbX©J:i5^(f* 01^I5H» 
0. 0 1^X^1. 5r*)0, MicSfSLl^liffltSO. 

0 5 ^x^ 1 . or*5. 

[0 05 8] fWM Z *^'BtiiBi5H5:n4a€> <!: > *S^!RiSS 

3|Jg-rsci*iffi«{c^c6. M^^JtZ©J;«5W*bC^i5 
ffl{*. 3. 2^Z^3. 7-C*.S. 
[0 05 9 ] *^®ja^^*^tJ8t»i -On" h 

#Ci^Sfc«5©Mg?«S«. m^=^tS•7>f ^'OT:^^-f 

1f- ( E P MA ) (C J: f) fig^5 0 - 1 
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itcj;0J}<i6^ci*i-c#6. nhtifcmiiLmmmoM 
tcKf(DMgii^Aw^mo)o. 5~2. oi§T$>^m.m 

*)(DMgm&t^!-i^mt=&imL. mmammtc*)(oM lo 

[006 0] 7kmmm^^<Dmmici6t.>x , mimmm 
tc<o<DMg mmfimiimm^fc o (d^hjm g r^s© o . 

5~2fg(CtB^-rSM^*^7 0%J;OiJ>^f<nc^i. M 
i!('-?>-n>MJ|l|j5i???5E-rSfc«)-C*S<!:Jfl?!!iI3n-5. i 

#(a®s^/coo^i^Mg?gjS©o. 7~i. sfgccta 

«, ^*ifi!^itrC, N. O. F^(D7C^?:#ttm# 

[006 2] C©*^®igj^^«, luaiUfcll 1 O*^ 30 

[006 3] *^fl.g(C<J^^^30>*«lSig?^#«> 
U < »^14#H«TCC*jt^t: 7 5 0 'OiX^L. SI'S 

*s-C#5. ISlA!iaaa©J: Ll>ffiH«. 8 0 0 -C 40 

-1 10 0-c-c^s. tit. mMixmmmmi.. mik 

1~50 0^P^. /if*U<»0. 5~100B#ra. $5 

{C»* K « 1 - 2 0 ms^-tfi^i.^ 
[0 0 64] i^mmm^m^(o:^mmm^±<Dmmt 

*Jt,*-C 2 0 -C/m i n ^TF(Dm&-CW^i%^n ^ C tf)m 
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it. 9 5 0 -C-C 3 0 ^mUnUM^. 1 'C/m i n 

grs 0 o""c$r^?^L/. a o o'crs 0 5}-wi^j#L. 

[0065] fe^T. *^J{c(^s -;>:fKib©-fiai-e*s 

[ 0 0 6 6 ] a 1 (Cj^T J: ^ tCWiSRiiit»^©SS 1 F^CC 
«. iEffi2<!:^2>'^•^-^^3i:&S4<!:*8lJlUrx.'W 
^JWfCjglHl-rSC iCCj; 0f'Pi{3nfc«@^5*5i|x,^ 

snrc^^, mfia:ft@4«. BirteiiSfflf5©sj^j^(cie 

^w-r-sR0©iii©i^ns7«. Buiaifs 1 ©±3553 

«. mriawns 7 ©jgi^i Bugaifs 1 <D±mmnmim 
©p^ fciags n. BuiBigRmgp^rtffliJtcgisT -s * 
yttucc cfc BMta^ii 1 (CHuia#tPS7 >&Bfrta:^x^r 

^*ifiiaiES 2 tc^M. i&mmMEMiniS. 7 ©TSicS 

Msnrt^^o itf^ff5t*:^^c-riE@^^i o«. mmm 
7 ±tc mrie?L 6 ^ J: ^ (cax 0 6 nr c ^ ^ o 
=fAM©^^^ 1 u*. m lamps 7 tmnnEm^ir 1 

0 riB$nfc^p^F«9{cMtB?L6 J; ^ (cffigsnr 

(, ^ S . *(C7^:^: Wr Site^M^4*^ 6 J^j: 6 njfJ©flP^S 

1 2 «, BtriaiE^^^ I 0 ±ccHf)ieiESSs^ 1 0 ©§^e 

g|Jdi^©Jf 1 2©Huie7A:*^e.3^ttJ$4a5J;'5 4CiBa 
Snrt^S. i^Jl^^x-::^! SB. MiaWA«l2©Ji 

^. miia^s 1 mmRv^msznm omssi^m^mm 

[0 06 7] ;X(C. B«taiE@2. m@4. i2>'N'U-i?3 
[006 8] 1 ) JEM 2 

tj4>©*ffll^5C<i:AJr#-5. 

[0 06 9 ] BfriaiE@2», ?s^M-cs>^*^ 

itfCjgiWUr-i-X WgB--:-x 
[0 0 7 0 ] BUlB*®?^b^ -7 ir)lWmt. ffiiSRO'^^^• 

ji/ h©af*>6jiiR0fc^i»5: < i 4> 1 -zxo^momitmii 

©)l!(Sltl4*« u < [^±-r s c i *5-e ^ ^ „ 
[007 1 ] B«ie^«tt*4<i:ur». vm 
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[0 07 2] wiiSJi^WMt bXtit. m^itij}Vyi<=¥Zyj< 

;I/=i-jU (PVA) ^^If^Ci^s-Cte. 
[0 07 3 ] Bifie^miia^i t?ll^«^ ^ -Jr 

[0 074] 2 ) ft@4 

[0 07 5 ] *l^!RiS5-^#©t&5*«> ^14#fflm4'-C 
1 0-5 0 umtC-r^Ci*i»*Lt>, 

[0 07 6 ] HuiBftSi*. m«. J':^T© ( 1 ) . 
(2) icmmiri>:;ji&cj:-oXim$m. 

[0 0 7 7 ] ( 1 ) paiO/c7K«®jS^#(Dif&7R(C«« 20 

[0078] ( 2 ) mmutcjKmmM^cDm^icmm 
i tc J; 0 mmnm^ii^m-r 

[0 07 9] mmmmi: uxu. miBiEm2-cmi^>tc 
(2) (D:fjmvnm'&im-r?>m'^. yi<<)y-\''7y)i^ 30 

Pi5^U> (PTFE) ?:^tf<b<D*iWS tC^ 
[0080] BJIBiimttt 0T». t?<l^«. tf-yfSyzf 

[0 08 1 ] wriaj»«tt»«i ut«. 

[0 08 2] 3 ) ^r>'^•^-^^3 

[0083] 4) T)l'*J')^mm 

A (NaOH) (DtKWM. Tmit'J^'yj^ (L i OH) 

(DTHmm. 7i<mit^ <) 1^ (koh) ©7K?§?s. Nao 

HiLiOH©®^^. KOHiL i OH©®^^. K 
OHiL i OH<!:NaOH©il^^^^ffltiSC:<t36S-C 
tr€>, 50 



2000-265229 
14 

[0084] w±giBj u/c*»B^(c<^-s^ 1 (oymmm 
Bu^t/fc ( 1 ) sj-ca$nsffl^€:wrsfc 

**[R)iJB$RO')KlUB#©3p«E©¥ai4^1««!).S C 
i^J-C^-Si^ttc. 7K3^iSfe®Jll#&0'SfcttlB#©IEt)M^® 

[0085] :^m^iC%i,m2 ©TKfRBRiSj^^W. BH^ 
L/C (2) iCr»3n^ffiR5t€:WT-5fc«?>. T;l';^?';* 

[0 086] ^:^HJ(c<^^m3 ©TkiRiRil^^tt^ ^3: 
L/C (3) *^o»fffi(c*jWS 

^fiffia^fc »P ©M g ?^)S[*imf4ffiffl^/c 9 ©^BjM g 

?ss©o . 5-2 fgccta^-r-s^i^A^ 7 0 %Ji^±-e* ^ 
/c&. T^mmm ■ m\Aimm<D7mmm ■ WL\m'&^^ 

f ^ C i^i-Cir So 2ts:^HJ©fpffl»H^ 6A>T)Sl<^ ^>© 
©. J':^T(cijiBj^s^:<7::.XAtcJ;S^>©<!:fiffliJ3n 

So 

[0 0 8 7 ] BfraiL/c (3) ^-c«?n€>ffl 

Sti©fte(C^^C < i t> C a C u s M©iSB^ffl*\ & St,^ 
«MgCu.S©MB^ffl*s#?tOri»€). C©<fc'!>{cC 
a C u , SifeB^tB-?>M g C u , MMStg*^^ * S ©« . 

€./tJ«>T'*€><t^;«.6nS. CaCu,S!*SatiK:«M 

r. BUia7kSKM^^«. Mg««T?:^DTt,^.5, 
[0088] *^l^^6«iJfcSP^^«*a/c*g*. M g 

<s*f et^i.^*5-^xm?ife©if -r )\'m^vi^m^mtt c 

i^SWL/c. T/j:^^. »r®icfcc^r^{iffiffl^/cO 

Ji87!iJ7 0%7l5?®r*€)i. Mg«W*i:*:#»,»/cs?). 

®fe©3feSf >c ^ ;b*^*5fg-|r -r €. „ M g mm^iz * 

m?te©rtgCfg6i©ii:^/j:i*s*t;s/c*. sm^iii^^ 
[0089] 3ls;MI6B^©j: ^{c»riS«C*5t*r#{4aBS^ 

fcKxDMg ?sig*ic n©^i^>fii© 0 . 5-2 fgtctB^-r 
S^J^5r7 o%JW±«:-r-5c:<!:«cj:or. Mg(itff^>'h 
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[0090] $fc, :^m^(,cg^?>m l 3 CD7K^cRja 

[009 n fiiis. m^Lfcm i -cttiEeiasioratc 

[009 2 ] 

[Il«f5^] UT 

[009 3] ( 



1 1 1 3 ^JliUftttm 1 ~ 5 ) T>K 



(9). !^P32 00 0-2 65 22 9 

16 

9 6 0 °Ct?l 2 B^Pa^O^iaS^JSiSUfco U*s. a 1 
Mm«l 2!l«%(DLa. 6 0M«%©Ce. 1 OMfi 
%©PrSO'l 8«a%©Nd*»6!5:-5. 
[0 094] nf^titcimmM'^^^^^h , ISt^^t:^ 
?r?f '5Ci(Cci:i5a@*5 2 0 /LtmJil±. 1 5 0 /i mfelT 

10 [0 0 9 5] f#6n/c3ISfiC?!ll~l aSCKJtli^eil 1-5 

©*s®i^^*&^icot.i-c, — '^)y^-j-mcjp. «3 7 0 

•C. 1 OSillTlcpo^KSEET-ciE;^;-^^^^®^!^*]^ 
L. (H/M) =0. 8r©*^]SSrUli^©*lgEE*P, 
SO' (H/M) =0. 2-C®?klg]SJttHNF©*^E*P, 

-S, */c. (H/M) =0. 8 -COTk^ii/gB^©^^!! 
*Pao..> (H/M) =0. 2 -C©*3RiRjlj5I^©;^3RE 

«:P*o... (H/M) =0. s'c<oii<.mm.mm<Dim\s. 

^Po».,SO' (H/M) = 0. 2 ■C©7)<^)|itmB$©7k^ 
20 (£*Po..,<i:i/< txf-';i^;^<!: urib { (P»o.2/P 

Do.i) / (P*.../Po...) } ^^ffil/. '^©ilSSST 

tea 1 ccefSB-rs. 

[0 0 9 6] 

[1^1 ] 









Pi ^2 






(Lao.33Ceo.07P'"o.OB'*d0.52>0.78**90.22N>2.8^.3*'0.03"n0.l 


7 


4.8 


1.25 


mmz 


(Lao.40Ceo.05P»'0. 1 bNcJo. 37)0. 75^30. 25N»3.0"n0. 1^.05 


5 


5.2 


1.32 




( Lao . 25Pr 0 . asNdO . 40 >0 . 73«90 . 27N i 2 . 7f eo . 3 


0 


4.6 


1. 18 




(Lao. 20Coo.05P'^0.18Ndo. 57)0. 771^90. 23W'3.2Cro. 1^*0.03 


5 


5.7 


0. 96 




(Lao.25Ceo.O5P*'O.18Nd0.42S»O,Z5)0.25**a0.75N»2.9V0.0l^ao.02 


5 


4.5 


0.91 




(Lao JoCeo.02**'"0.3a"''0. 37^0. 13^0. 27"fl0.73N«2.9A'0.02Cuo.05 


2 


4.4 


0.65 




( Lao . 22^60 . OB^rO . 7 ) 0 . 70*90 . 30* » 3 , 1 Sno . 03 


8 


4.5 


0. 95 


^«ia 


( Lao . 1 oCeo . 05*'»*0. 1 sNdo . 70) 0 .69*90 . 31 N ' 3 . OS i 0 . 1 8 


5 


4.9 


1. 15 




( Lao . 35Ceo . 04PrO . 1 1 Ndo . 40Sii0 . 1 0)0 . 65*€ro . 35W i 3 . O^O . 05 


4. 


4.6 


1. 72 




(Lao. i8Coo.02Pro.2lNdo.495«0. 10)0. 75*90. 25^12. 7Coo.2C«G.1 


2 


4.7 


0. 83 




(Uoi5Ceo.04P'*o, 31 Ndp, 50^0. 77*90. 23'*' 2. 9^0. 04^^0.03 


4 


4.9 


0. 98 




( Lao . 06^ ^0 , 44Nd0 . 38S"0 ,12^0, 75*90 . 25** » 2 . 9^"0 . 02^00 - 06 


0 


4.6 


1. 12 




(Lao. ioCeo.08'*''0.32N<lo.40Si"0. 10)0 -69*90. 3lNi3.lSio. 01 "^O.OS 


8 


5. 1 


1.16 




(Lao,62Ceo.08'*ro,20"do.l0^0.88*90.12N«3.1^'0.15 


8 


4.8 


2.79 




(Lao. 32Ceo,4a**»*0 . 20)0 . 72*90 . 28** ' 3 .0"no . 5 


4 a 


10.6 


2.84 


it«ft«3 


(Lao . 2BCeo.Oa'*"'0 . 34*^0 . 10S»0 . 20)0 . 65*90 .SS"* > 3 .6*0 .OSNbo .03 


a 


10. 1 


2. 25 


ttlBMM4 


( Lao . 90*i»0 . 1 0 >0 . 78 "00 . 22»* > 3 . 1 Zno . 25 


6 0 


5.9 


2.45 




( Lao . 25*«0 . 7 5)0 . 74*90 . 26^ i 3 . 1 Coo . 35 


6 Q 


S.4 


a. 15 



[009 7 ] ^l3&>6B^6*>^cJ:^(c. mmufc (1) 

^vm.^inh^m.^m-ri>mmm 1-13 (oinmmm^ 
mt. itmm 1 -^(j>immm^vLtt^x p./p.jjs 

«{c. tb ( (Pa.../Po..,) / (p*.../Pd..,) ) 



[0 09 8] (IISS«»I1 4~1 8ROJ:b^t^6~7) T 



(10) 

17 

9 5 O'Cr 1 2B#ra©^a*ML/c. !&*J. ^2*© 
Lm ( 1 ) «9 7ma%©La> 0. 0 3M*%(DC 
e. 0. 0 7a»%(DP rSO*2M%ONd*>e>^c 
«). Lm (2) «47Mi%®La. 2«a%©Ce. 
1 3fia%©P rRO*3 8aa%©NdJ&>6^cSo 
[0 0 9 9 ] f#6nfc**tRM^^SS*5 1 0 0 /Limjy 

[0100] ;>:c»r. m^m i 4 ~ i s&o'tb^we ~ 
7©*^»ja^(c-3iir. 02{C7K-raax4^-f >x lo 

[0 1 0 1 ] 02«> TKisssiE^^oifiiJcfflti^n-s 

if4SS3 3icjS*S3nrc^-&. BMiai2«3 2». ji*r 
^WS^ S n . ^©^iififeffilf 3 4 ©^S|J{*SE^!i<> :/ 3 5 k: 
i«M3nrt»^o )i;'3f+3 6«. mni^m^ms 4tr^h 
3 ^ JC:^-^^^ $ n/cie'tSP^ 3 4 a {cm#t:t 6 tir I » -S . 
B«IB*^'i<>-^ 3 1 i BUiai*f4S^ 3 3 ©ra©ie@ 3 2 20 

smitcit. mUR^y'^s ima^hmi. m2<DJ^)i:f3 
7i , 3 7, ^^/r^snrc^^o SE^nssw. Mte 
mi. Il2©>'^•;^:r3 7. . 3 7, ra©luieie*g3 2gt5 
^iCim^tiXi,^^. BfilSJESgd<>:7'3 5tt. m3>'^•;^ 

r^3 7, */r-urBuia^3-^ffi'g3 4 atc^iK^n-ci^ 

t-^f3 9»> H«fas^*4^S3 s^ms^nri^ 

6„ l»im>Pt4 0tt. MiaiS*4SII3 3rt{C}fA3n-Cl> 
•So =i>t:-^-:Jt4 UCj;0$IJi3P$n.SaS:3> hp- 
74 2». «inBS?I^M4 0*Jj:omfat-:f 3 9CCg^i^ 

sn. Buiai»«?ff4 o*^6©i^tB?a)S(ca-:Jt,i-cflfrfat 30 
-5? 3 9©aigi)ag0*tf ^ j:'5(ci&o-cti'5„ mria3> 

3 6*jj;o*BiriaiaK3>HP--7 4 2{cBii^$n-ci» 

[0102] HJS^ 1 4-1 8RC>'J:l:t^«?ll6~7©7j<^ 
!RjS^^^*B«a L fcia 2 ©lii:*4§S 3 3 (#ffl«a 
SI 5-C) P^iCimLtCo Ill^^*;^:r3 7x ^rWC. ^ 
2, ^3©^^•J^:/3 7, . 3 7^ *egif> M^^^ys 
5 ^rfPSl L TMiaiae 3 2 te J: O'^iSiSe 3 4 SlO'^/I 
ifg3 8F«?©^Si*PSiOfc. H(ria02. »3©^-c;uy 40 
3 7, . 3 7, ^mofcm. mi^^)l'-:^3 7^ *M(,^r 
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7kmyr^>^3 1 *>67k^*«js&LrBytaie'g3 2*5j;j>' 

^feieif3 4Raf§E^3 8rt«r7j<^«l!0fc, 

i^r. ||l/^';^■:^3 7, ?:H0, c®B#,>=&-cE;'jtf-3 6 
3!>s^-r^firt©lI;>3*^6^AOfc7K5gfi?:gLaiLfc. 

^27^•;^>r3 7, ^g.^^^ 7KS*H«iaii(;*4SS 
3 3rt{C«|&L> SS*lft«*t4 0-e*::.d?-Ufc. 
<Dm. ffiaiiSlMSII 3 3 l^©S)^*5-Si J^c ^ J: -5 CC 3 

/Co c ©(^©Hfrta^si 3 3 [>=i(oKt}^<t^&:hni 3 6 cc 
J: 0 L. r ^n* u =1 - ^^4 3 -cf aili L /t. 
[0103] -xi^x^. miEmm^3 srtjc-^*©* 
*©2»A4ga*&L.r*^6 1 ii#raf^*r©S7k^eRiS5^^ 
tficciRjse 3 nfc;^i^s ( H /M ) ?rfl?rta^s 3 3 i^©ff 

:^^<b©t^Hl*^e>»tBb/c. ^©,fem>S:l S'CtCfeWS 
7K^®aae[ (H/M • h-') i L.-CTfa«2CC7K-ro 
[0104]$ 6(c. HJSt?!! 1 4 ~ 1 QRU'iiMme- 

[0 1 0 5 ] sr. ^-^mMtmrnmi^^^mmttx 

I : ZCDm-^-cm^O. C©S^ftl 1 0 t on/ 
crn'OE-fJ-CS^UaEE-^^CtdCj^iomM*^! Om 

[0106] ff enfca®^. ^n^n>!t@-e$)-sM«S 

SC^ <:r;US^ i i 4> (C 8 ^iffi©7kK^L:t> 'J A7K?§ig 
tc. %m.^^it. :^msm-^ 1 g^tc<0 \0 0mA 

(ommxbmm^motm. 1 o^mi^±h. THmmm 
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